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We show that spin-flip rotation in a semiconductor quantum wire, caused by the Rashba and
the Dresselhaus interactions (both of arbitrary strengths), can be suppressed by dint of an in-plane
magnetic field. We found a new type of symmetry, which arises at a particular set of intensity and
orientation of the magnetic field and explains this suppression. Based on our findings, we propose
a transport experiment to measure the strengths of the Rashba and the Dresselhaus interactions.
PACS numbers: 71.70.Ej, 73.63.Nm, 72.25.Dc, 85.75.-d
Spin-polarized transport in semiconductor nanostruc-
tures is the main topic in spintronics due to great inter-
ests to both basic research and device application [1, 2].
Spin-orbit interactions present in semiconductor struc-
tures provide a promising way to spin manipulation in
bulk semiconductors [3], two-dimensional (2D) electron
gases [4], and quantum dots [5]. However, these inter-
actions cause decay of spin polarization [6], since the
spin-orbit coupling breaks the total spin symmetry. The
effect of spin relaxation produced by the interplay be-
tween the Dresselhaus [7] and Rashba [8] spin-orbit in-
teractions (RDI) has been studied in a few publications
(cf.[9, 10, 11, 12, 13, 14]). It was found by Schliemann
et al [10] that at zero magnetic field in 2D semiconduc-
tor nanostructures for equal strengths of the RDI there
is an additional symmetry [14]. As a consequence, the
orbital motion is decoupled from the spin evolution. If
this resonant condition is not active, the spin dynamics
is influenced by the different spin relaxation mechanisms
related to orbital scattering processes. In this paper we
discuss another spin symmetry that arises at certain con-
ditions at nonzero magnetic field in the plane and arbi-
trary strengths of the spin-orbit terms in a quantum wire.
In virtue of this symmetry the spin-flip rotation is sup-
pressed at arbitrary polarization of the injected electrons.
By setting these conditions ’on’ and ’off’, the flow of a
certain spin polarization through the device is either al-
lowed or destroyed, thus, defining a transistor-like action
for the spin.
We consider the conduction band of a 2D semicon-
ductor quantum well within the effective mass approxi-
mation. The wire geometry is defined by a transversal
potential ’V (y)’: H0 = (p2x + p2y)/2m∗ + V (y) = Hy +
p2x/2m
∗. The Dresselhaus interaction has, in general, a
cubic dependence on the momentum of the carriers. For
a narrow [0, 0, 1] quantum well, it reduces to the 2D linear
momentum dependent term HD = β (pxσx − pyσy) /~ (β
is the interaction strength). In the asymmetric quan-
tum wells the Bychkov-Rashba interaction has the form:
HR = α (pyσx − pxσy) /~, where α is the corresponding
strength. Our system Hamiltonian reads as
H = H0 +HD +HR +HZ , (1)
where we include the effect of the in-plane magnetic
field by means of the Zeeman interaction HZ =
g∗µBB (cos θσx + sin θσy) /2 = εz (cos θσx + sin θσy) /2.
Here, θ represents the in-plane orientation of the mag-
netic field with the intensity B, g∗ is the effective gyro-
magnetic factor and µB is the Bohr’s magneton. Note
that none of the interactions break the translational in-
variance in the longitudinal coordinate. Therefore, the
eigenstates are chosen to have a well-defined longitudi-
nal momentum ’~k’
Ψnks(~r) = e
ikx
(
χnks↑(y)
χnks↓(y)
)
=: eikxχnks(y), (2)
where n, k, s stand for transversal, longitudinal and spin
quantum numbers. As a result, the Hamiltonian (1) is
transformed to the effective one for the transversal coor-
dinate for a given value of ’k’
H = Hy + py
~
(ασx − βσy) + (3)
+
[(
βk +
εz
2
cos θ
)
σx −
(
αk − εz
2
sin θ
)
σy
]
.
Two different spin-dependent terms can be distinguished
within this Hamiltonian; one is involving the transversal
component of the momentum and the other contains the
effective Zeeman-like term including contributions from
the RDI. If both terms are parallel in the spin space, a
symmetry arises and the spin is totally decoupled from
the orbital motion. In order to set this symmetry, it is
required to fulfill the following condition
2αk0
εz
[
1−
(
β
α
)2]
= sin θ +
β
α
cos θ. (4)
2Once Eq.(4) is fulfilled, the spin operator Sxy = ασx −
βσy commutes with the resulting Hamiltonian
H = Hy +
[
py
~
+
1
α
(βk0 + εz cos θ/2)
]
(ασx − βσy) ,
(5)
i.e., [H,Sxy] = 0. Consequently, the spin symmetry is
set up for transversal eigenstates having longitudinal mo-
mentum k = k0. According to Eq.(4), this can be done
by tuning a proper intensity (∼ εz) and an orientation
of the applied in-plane magnetic field for given strengths
α and β. It is noteworthy that this property is valid
for any transversal potential defining the wire geometry,
since the symmetry arises from the relation between the
RDI and the Zeeman interaction in conjunction with the
longitudinal translational invariance. In addition, there
is an extra degree of freedom, since the RDI strengths
(for example, α) can be modified as well in order to ful-
fill the condition (4).
In virtue of the spin symmetry, the spinorial part of
the eigenstates can be expressed as
χs =
1√
2
(
1
se−iφ
)
, φ = atan(β/α), (6)
where thereafter s = ±1. These eigenspinors correspond
to the in-plane orientation of the spin, where the partic-
ular orientation is determined by the ratio between the
strengths of the both spin-orbit mechanisms. Note that
in the Hamiltonian (5) the spin-dependent term, linear in
the transversal momentum ’py’, can be eliminated by re-
defining the origin of the transversal momentum for each
spin state. The only effect of this term on the energy
spectrum is a constant shift that may be neglected by
changing the energy origin.
At the condition (4) hold fixed, the spectrum of the
system is composed of that corresponding to the spin-
independent orbital motion ’H0’ (ε0nk), the constant shift
and a contribution arising from a combination of the RDI
strengths and the Zeeman interaction
εnk0s = ε
0
nk0 −
m∗
2~2
r2 +
s
α
(
βk0 +
εz
2
cos θ
)
r. (7)
Here we introduced the absolute magnitude of the RDI
strength vector r =
√
α2 + β2. The above contribution
represents a constant spin splitting for the eigenstates
and its value depends on the longitudinal momentum,
the RDI strengths, the particular orientation and the in-
tensity of the applied magnetic field. At the preserved
symmetry the eigenstates (2) take the form:
Φnk0s(~r) = e
−isy/lRDI eik0xψ0n(y)χs , (8)
where ψ0n(y) are the eigenstates of Hy. We have also
defined the length lRDI = ~
2/(m∗r) giving the charac-
teristic scale for the RDI strengths.
At given Fermi energy EF eigenstates (2) have a few
real longitudinal momentum k. Some of them have k > 0
(propagating right), while the others have k < 0 (propa-
gating left). One of those k could satisfy the condition (4)
by the adjusted magnetic field and, consequently, the cor-
responding spinor does not depend on coordinates. How-
ever, even a small mixing between the selected state and
those that propagate in the same direction but have dif-
ferent k leads to the spin precession in the process of the
propagation. To suppress unwanted k-values one can ad-
just the Fermi energy (or the potential V (y)) to have only
four real longitudinal momenta. Next, the tuning of the
intensity and the orientation of the magnetic field enables
us to have two eigenstates (with s = ± in Eq.(7)), prop-
agating in the same direction, with the same energy and
k0. From Eqs.(4), (7) one obtains that such a possibility
can be realized, if the components of the magnetic field
are proportional to the components of the RDI vector:
εz
2
cos θ0 = −k0β, εz
2
sin θ0 = k0α. (9)
As a result, there is no a spin-flip process for any superpo-
sition of these eigenstates. Note that, in contrast to the
spin-field transistor proposed in Ref.[10] whose effect is
based on a particular input spin polarization, in our case
the spin-flip is absent for an arbitrary input spin polariza-
tion. Also, the magnetic field leads to a nonequivalence
of the electron transport from the left to the right and
vise versa: Eq. (9) is fulfilled for −k0 at the condition
θ0 → θ0 + π.
To illuminate the found effect in the electron transport
we perform numerical calculations of the S-matrix in the
tight-binding model (cf [15]). To proceed we use a square
lattice n = nxxˆ + ny yˆ (xˆ and yˆ are vectors of a length
a0 in x and y directions, respectively; a0 is the lattice
constant, nx and ny are integers). Within this approach
our Hamiltonian (1) has the following form
H0 =
∑
n,σ
ǫnσc
†
nσcnσ −
∑
〈nm〉,σ
tc†nσcmσ
HD = − β2a0
∑
n
{
i
(
c†n↑cn+xˆ↓ + c
†
n↓cn+xˆ↑
)
−
(
c†n↑cn+yˆ↓ − c†n↓cn+yˆ↑
)}
+H.c.
HR = − α2a0
∑
n
{
i
(
c†n↑cn+yˆ↓ + c
†
n↓cn+yˆ↑
)
−
(
c†n↑cn+xˆ↓ − c†n↓cn+xˆ↑
)}
+H.c.
HZ = εz2
∑
n
c†n↑cn↓ (cos θ − i sin θ) + H.c..
(10)
Here c†nσ creates an electron at site n with spin σ and
energy ǫnσ = 4t − V (nya0), t = ~2/2m∗a20, and 〈nm〉
stands for nearest neighbors sites n and m. For the sake
of illustration, we choose for the wire potential a hard
wall one: V (y) = 0 for 0 < y < W and V (y) = ∞
otherwise.
Let us consider the system with a geometry shown
in Fig.1. It consists of a finite scattering area with
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FIG. 1: Sketch of the 2D wire device.
two lateral contacts. Each contact is a narrow stripe
with the width W = 20a0 and, for simplicity, no spin-
orbit couplings and no the magnetic field. The con-
tacts are gated to have two active channels (spin up
and down) with a conductance e2/h in each. Thus,
the RDI and the in-plane magnetic field present only
in the scattering area of the length L and the width
W . The experiment may consist of injecting a current
I through the left contact (source) to the wire and mea-
suring the voltage drop VR generated in the right con-
tact (drain). According to the Landauer-Buttiker for-
malism for linear response (cf [16]), the ratio VR/I can
be expressed by dint of the S-matrix elements Smσ2nσ1 ,
where nσ1(mσ2) denote the channels in the source (the
drain). In our approach the spin resolved conduc-
tance between the source and the drain is determined as
Gσ1σ2 = e
2/h
∫
dE[−f ′(E−EF )]
∑
nm |Smσ2nσ1 |2, where
f = 1/[1 + exp ((E − EF )/kBT )]. The conductance is
calculated with the energy dependent S-matrix by direct
solving the Schro¨dinger equation in a discretized space
according to the method suggested in Ref.[17].
Note that the interfaces (the polarizers) between ar-
eas with and without the RDI introduce some uncon-
trollable excitations of all modes inside the scattering
area. In particular, these excitations produce a superpo-
sition (with coefficients a1 and a2) of two eigenfunctions
χ1,2(y) exp(ik1,2x) with different longitudinal momenta
and, therefore, rotate the spin during a transport along
the x-axis. Indeed, one has the following expectation
values
〈Sx〉 = Reξ, 〈Sy〉 = Imξ, (11)
where ξ = (a∗1χ
∗
1↑ + a
∗
2χ
∗
2↑)(a1χ1↓ + a2χ2↓) × exp(i(k2 −
k1)x). Evidently, for equal longitudinal momenta, the
expectation values are independent on the x coordinate.
The results (see Fig.2, top) manifest a single common
minimum of the spin-flip conductance (∼ 10−3e2/h) for
one value of the magnetic field orientation but for dif-
ferent sample lengths, at a given intensity of the mag-
netic field and at zero temperature. At this value Eq.(9)
holds, indeed. For another angles there is the mixing of
wavefunctions with different k which leads to the elec-
tron spin rotation in the sample. Fig.3 illuminates the
dependence of longitudinal momenta k(θ) on the mag-
netic field orientation. At a particular value of the angle
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FIG. 2: (Colour online) The logarithm of the spin-flip con-
ductance (in units of e2/h) as a function of the magnetic field
orientation θ (the intensity B = 1.8T) for different sample
lengths: L=31W (solid line), L=17W (dashed line). Tem-
perature is T=0K (top) and T=1K (bottom). The incoming
electrons are polarized along z-axis. The set of parameters
are typical for InAs: EF=10 meV, W=45 nm, α=20 meV
nm, β=10 meV nm, g∗=-14.9, m∗=0.023me. The arrow in-
dicates the unique position of the angle θ0 for non-spin-flip
conductance, independent on the sample length.
0 1 2 3 4 5 60
0.02
0.04
0.06
θ [radian]
k 
[n
m−
1 ]
FIG. 3: (Color online) The longitudinal momentum k as a
function of the orientation of the magnetic field (the angle θ )
which intensity is subject to Eq.(9) (solid line) and is slightly
different (dashed line). At the value θ0 = 5.176 (vertical line)
the both positive k coincide. The parameters are the same as
for Fig.2.
θ0 two wavenumbers coincide. However, the change of the
magnetic field intensity (the value of εz) leads to avoided
crossing of two curves k(θ).
In real experiments the injected beam consists of elec-
trons with different energies due to, for example, a
nonzero temperature. The temperature induces a small
mixture of spin-flip components and results in the in-
crease of the spin-flip conductance (see Fig.2, bottom).
However, it does not affect the angle value at which the
minima occur simultaneously in the two samples at tem-
perature T = 1 K.
Measurements of the RDI strengths is a subject of in-
tensive experimental efforts [4, 18]. For example, the
ratio α/β could determined with the aid of the analy-
sis of photocurrents [18]. Note that Eq.(9) enables us to
4FIG. 4: The logarithm of the spin-flip conductance (in units
of e2/h) as a function of the intensity B and orientation θ
of the magnetic field for the sample length L = 31W and
temperature T=0K (the darker is line the lesser is the con-
ductance). The input polarization is along x axis (top) and y
axis (bottom). The minimum due to Eq.(9) is pointed by ×
mark. The parameters are the same as for Fig.2.
determine the strengths of the Rashba and Dresselhaus
interactions. We propose to use a wire with a length
determined by the condition kL/(2π) ∼ 5. According
to our analysis (see Fig.4), such a system produces a
few, well resolved spin-flip conductance minima. This
condition helps also to diminish the effect of evanescent
modes. The Fermi energy and the transversal potential
V (y) should be taken to support only four propagating
modes (two with a positive k, going to the right and two
with a negative k, going to the left). The measure of the
spin-flip conductance provides a set of spin-flip minima at
different intensities and different orientations of the mag-
netic field, at a fixed input polarization. Taking another
polarization and repeating the same measurement, one
obtains a different pattern for the location of the min-
ima. As an example, we calculate the spin-flip conduc-
tance for two input polarizations – along x- and y- axis
(see Fig.4). One obtains the required minimum which
is subject to Eq.(9) at the same angle and the same in-
tensity in different setups, since the effect is independent
on the polarization. One might repeat measurements for
different sample lengths, since the minimum position is
independent on the length too. To diminish the effect of
multiple reflection from the polarizers we suggest to use
the same polarization direction in the both polarizers.
In conclusion, we found the condition (Eq.(4)) to de-
couple the spin and the orbital motion of electrons in a
quantum wire with the in-plane magnetic field and arbi-
trary Rashba and Dresselhaus strengths. At this condi-
tion there is the spin symmetry in an arbitrary transver-
sal potential defining the wire geometry. Furthermore, at
the specific condition (9) the magnetic field cancels the
RDI for the electron momentum k0. As a result, during
the electron transport through the wire the spin-flip ro-
tation is absent for any chosen polarization. We propose
the experiment to measure the strengths of the Rashba
and the Dresselhaus interaction by finding the minimum
of the spin-flip conductance, which should occur at the
condition (9).
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